Treatment of spores with sodium hypochlorite. Thoroughly washed spores were added to dilute solutions of sodium hypochlorite and incubated at 37 C. For certain electron microscope studies, spores were added to the sodium hypochlorite solution at intervals during incubation to provide, within a single preparation, integuments in varying stages of digestion. After the desired incubation, the tubes were chilled rapidly and centrifuged for 10 min at 10,000 X g, and the integument sediment was washed three times with cold, demineralized water.
The effect of sodium hypochlorite on microbial cells is drastic. Meyer (4) observed that Bacillus cells were dissolved almost completely by alkaline sodium hypochlorite, but that the lipid cellular inclusions remained intact. The latter observation subsequently served as the basis of a procedure for estimating the poly-3-hydroxybutyrate granule content of Bacillus spp. (11) . According to Salton (9) , cell walls and glycosaminopeptide of gram-positive organisms are solubilized by strong (10%) sodium hypochlorite in the cold. However, the use of sodium hypochlorite as an aid in studying cellular structure has apparently not been described. This report demonstrates its utility for examining ultrastructure of bacterial spore integuments. The general term "integuments" is used to denote all spore envelopes or covering structures observed.
MATERIALS AND METHODS
Spores. Spores of B. megaterium QM B1551 and B. megaterium ATCC 19213 ["Texas" strain (5) ] were produced and handled according to methods described previously (5) .
Preparation of spore integuments and cell walls. Spore integuments and cell walls were prepared with the Nossal cell disintegrator according to a procedure described previously (7) . Sodium 5; 1, 3 ). The spore surface appears textured spores of Bacillus megaterium QM B1551 by sodium and pitted, but neither ultrastructural repeating hypochlorite; the effect of concentration. Incubation patterns nor ordered structure is apparent ( the spores lose opacity owing to dissolution and extrusion of the cellular contents, and the integument structures become visible (Fig. 6) . With prolonged treatment, the integuments become progressively thinner and ultrastructural details may be discerned.
Three distinctive integument types have been observed in spore suspensions of B. megaterium QM B1551 treated with sodium hypochlorite. These include a membranous integument, a fibrillar integument, and a prominent, often characteristically cleaved, outermost integument (Fig.  7) .
The membranous integument is thin and featureless; it is perhaps identical with the internal membranous element described by Sacks and Thomas (8) for B. macerans spores. An isolated membranous integument (Fig. 8 ) exhibits folds and a torn margin through which the cell contents may have been expelled.
A thick outer integument, seemingly cleaved in a fashion analogous to that described by Levinson and Wrigley (3) for the germination process, is shown in Fig. 9 . Underlying this integument, and protuding beyond its margin, is a portion of a fibrillar integument (Fig. 9 and 10) . The parallel fibrils, the beaded appearance, and the 100-A diameter of the fibrils of such integuments (Fig.  11 ) suggest an identity with the structure described by Thomas (10) . Employing a microincineration technique, Thomas described such an integument structure, which was characterized as a 100-A, fibrillar, textured, middle-coat layer of B. megaterium spores. It may correspond also to the "matrix of beaded threads" described by Knaysi and Hillier (2). The fibrillar arrangement and beaded appearance are visible also when such integuments are viewed directly ( Fig. 15 and 16) .
Free fibrils were encountered frequently in suspensions of B. megaterium QM B1551 spores treated with sodium hypochlorite (Fig. 13) . The appearance suggests that these were "shed" by integument structures while drying on the mica surface during specimen preparation. Such free fibrils (Fig. 14) have the 100-A diameter.
B. megaterium ATCC 19213. Morphologically, spores of this strain resemble the single-coat strains of B. megaterium (e.g., strain KM) described by Fitz-James and Young (1) , and lack the polar knobs and the equatorial ridge of B.
megaterium QM B1551.
Neither the distinctive fibrillar integuments nor free fibrils which characterize strain QM B1551 spores were encountered with this strain. Extremely thin integuments with a meshwork appearance were observed (Fig. 17) , however, as well as integuments with marked striations (Fig.  18) which resemble somewhat the fibrillar integuments of strain QM B1551. The appearance of replicas suggests, however, that these striations Fig. 11 and 12. X 25,000.
FIG. 14. Enlargement of isolated fibrils indicated by arrow in Fig. 13 Fig. 18 . The inner surface (arrow) seems to lack this pattern. X 52,800. f Also spores of two other unidentified soil actinomycetes. may be present on the outer surface of the primary integument (coat) of this strain (Fig. 19) . This conclusion is supported by the observation that such striations may be seen also on the surface of resting and germinated spores of this spore type (unpublished data).
DISCUSSION
The solubilizing effect of sodium hypochlorite on bacterial spores has been exploited and found to be a useful means of obtaining spore integuments for ultrastructure study. Conventional procedures such as mechanical rupture or sonic treatment for obtaining integuments are not required with this treatment. Spore integuments persist long after cellular integrity has been destroyed. They are digested and become progressively thinner during prolonged exposure to the chemical, and structural details and resistant features may be detected. Manipulation of concentration, pH, temperature, and time of exposure to sodium hypochlorite permits one to observe cellular elements in varying stages of digestion.
Although this report has been limited to an electron microscope study of B. megaterium spores, the action of sodium hypochlorite is not limited to this organism. A variety of microbial cells is affected by the chemical (Table 1) , and the technique may prove generally applicable to ultrastructure studies.
